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(54) WALKING POSTURE GENERATION DEVICE FOR LEG TYPE MOVING ROBOT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To smooth the vertical 
movement of an upper body and movement of joints by 
providing an upper body vertical target position deciding 
means which decides the vertical target position of the upper 
body based on the upper body locus and a leg part link locus. 
SOLUTION: A walking way of the feet is decided so as to be 
stored in a ROM 84 of a control unit 26 as a foot flat locus 
parameter. An upper body locus parameter is so decided as 
to satisfy a decided target ZMP and stored in the ROM 84. 
The stored parameters are read out one after another so as 
to be inputted in a foot flat locus calculation algorithm and an 
upper body locus calculation algorithm so that a leg part link 
locus containing at least either one of the target position or 
the posture in the tip part of the leg link, namely, the foot flat 
position and posture of the both legs and the upper body 
posture and a horizontal position are calculated. 
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fiiewsu > f *j-e©$t^gi5^ -c«cii>;s < 1 4> i m<Dm 

a. Hrrie±«c<D*^:/7[6isms*jJ;o'«^©^^>s< <!: 

b. |!riSWaJ'J>d'5fe^©asegteJ:of^|§©ii>J5: 10 

[ m^m 3 ] Buf i j: o'H 2 ©mipo^^c < i 4) 

mam 2 CDM®5<D^farte«f:C/2S<DiJ>fe < i -bi^-T 

n*:>«:K 0 tm^^ i -3 ^ ^ c i ^#i!t i -r sttJ^ 
c 4 ] f!rie±f*©$Sii::^(Si(iaAi A # < s «c 30 

f a ii^^ 2 fc« 3 ]Sta3SO«iS;^«i n --p' h 

f^fccfco'Btrfawaj'j > ^'5fe«a5©s«f4i:*.5.t^««^ 

if -SftJiS:^ 1 ^iU<r^U4:S©l-»-rn*^«cie«©WliC=^ 

[ it*^ 6 ] Birta±f*t9ifi:^(Sj a«(4g^S^m« . 

e . m^±i^<Dimyj\^<Dsm&mi%nm in^i) ^ 4o 

Sf inS^&g^S^m^ 

f. flilia8l<i:H5ianfl©gS{ag<!;©^te(fii?r^«?).S^ 

^fe/c^i^fficcs-sc^-CHMtai 
(*©iSit:^FlSlS«{4g=&^S-r -S C i if ^w^* 

Z = f (B#^J) 
= a„ • t" +a„.t • t"-* 4 

(±iat?> z : ±<*©siiii«$. t : mm) ^ 

[0003] itc, 8ll©S£*!$JI5^ftCC*Jt>r«. TieJK 
Z= f (X) 



Jli)Sifec>05^©Ci-rn*iK:iatg©M«:^«in5ii-y h 
©i^^iJiS^S. 

c w«« 7 ] Bine^J^iii*sfta«^i^fii-c* 5 c i 

®<!:-r4ii*316^ieiiS©l«iiC«J«ia7j<-y KD^^^fSL 

[ «3i5s 8 ] S5ga±(*isii::&rsi ssttasije^Stt « 

g . iiia»i*«)A:¥i^ffi©:i>^c < i i>t^-rn*>=&¥?t 
^t-r^¥?t^b#©. ^msci*!^®i-r ^19*^6 
«(cfa4£©m#!l»a* -;. h©^^^^a, 

mm<i$> i> <- ^»iRmtii»©^^c < i 4> I, ^-rn^^^fflt, ^ r 

Bflria^«:*«t>S C i 4«fSS[ i f 1 ]«Aj:c » 0 8 

©<,>fli3>>{cfai8©WSC^«ia--J^y h©*S^I5B. 

h. B«§a^^?*afc±f*tllSl:<!:. WSB > i'mSl^i . ?^ 

i. suia@SMH5:ft<!:^=cSJ:^fCH?gaill*JctO'IS2© 

T€>it^:5 1 mu^^ L 9^©c>-rn*>(c3a«g©wise^i!i 

P^"-;- h©.i^S^*ia. 

[1**^1 1 ] Buiam^sbP'-i^o' hAi2W*wrs 

^fP^t^-v h-C*9. mitaiS 1 ©MSB A^flSMgp. m^l^ 
2 ©Mgi5*iratp-C* S C i ^^mi -r a W*iB 1 iI^j: 

i,»L. 1 o^©t»f n*Hciais©i»i^sbPjK2' i-©^# 
^iia. 

[ imm 1 2 ] wrtawsi^afi i^^s ww±© w 
m^mri>^mm'r'a^--j h-c$>«3. suiai^ 1 ©wis^^ 
«fls§ggp. HMiai^ 2 ©M®*sia?Mgpr * s c i ^# 
mi T5fS3iai 1 u 9 ^©t^-rnA^{cia«©«t3: 

ClfeBJ©S^iHBncmBJ} 

CO 00 n 

h©$g^)?X$^S. J;0»L<«2S(2») ^tfP^' 

l-j5:i©WSC#I(jp--t<-;. h©±«f©i8it:&r6i 
1*1) iS3*^f -Si^^^fiJ^atcMfS. 
[0002] 

[fi£*©S?^l5] m^ttP^' f h«±l* 
-e-titcMfiS^/M/raUgStiSW ()WgC"J>d') i*>6 
ii£*©M^S6P>J?-y h©^^SSfefiS{<:*5C>r 

±.w<r>Bmmt^. Tta©An<. mKo^m^-cm 



■ • • • a, • t* + a. 

©An<> ±i*©@«i«$*. ±»©@«?K^^(4©^3« 
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= a. • X" +a„., • X 

(iier. z : ±(*<Dam$. x : ±t^<DmmyHw-^ 
m 

(0004] ±i5L//cse*erpR*^-c». m<D^im<D 
c 0 0 0 5 ] ±^utcmi:im^m«.isii i,±(^mmM 

[0 00 6] ^Otclfy. '^Mt^m^miC$>-oXt,t. iy 5. 
[0007] -en^^TJCjttb-Ci^S 3lU-S/3>±© 

[0 00 8] w.icm<Dmkum^micis(.^x<,t, ±i^<D 

mS-«^<Sr. |5Hifc^j?>-^x otitic. ^^^i<tlj 

[0 00 9] L.*>L. C©Sg*C?{fi^^(C<fc€,i*«. 
[0010] 

[^W«?9il/J:^i-r?.il!®] C©|%IB»€e*e?JI!f© 
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+ • • • a, • X' +ao 

n;l<-y h©|^if^$^a*»«-r5>C<!:=&SWi-r5, 
[0 0 111 MtC. ±«JiifS*|^<-'>'7^-3»*s^^6 

[0012] HtC». W^^SftnrK-;' Kcfct^r, 
[0013] 

20 [Rs^fK^-rsfc*©^©] iMcy^m^mmntc 
©^^^(iS^gtcfct^r, Huf2±»©*¥:^i^aasiaa 

«^sa*i6iema^s^is«r(i**in< 

<E.-r. zx^s&st,»«ZY¥ffl±©ffi-e*-pr*>J: 

[0014] iil*^2il{c*or». wfa±«:©SfiiS:fr 
40 0^112 ©M«P©^^c < i ^C^-rn)!»»©^&fCM-r •5?t6 

[0 0 1 5 ] W*^3«Jc*-:,-c{i, BuiBmi*jJ:c;f^ 
2©Mg0©^)5:< i^>Cim*^©^fi[(£:BB-r-5^6J5^:ft 
ili^MiSA^6J5:-53?^Ai. B!riam2©Mtp©^{±*iJ:0' 

[0016] ii3j?«49(c*or«. mt^±.w<o^m.-n 

isifica**;*:* < )Qr^{c-5tiriiiaifiKMlK©<ii*5miS{c 

50 [0017] namhmcih'yxkx. mu}LW<r>im-ti 
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[0018] ff5l5^6^{c*or{*. mii±W^m.:^}^ 

[0019] 7 o r ». Huie^J^fii*i*na lo 
[0 02 0] m^^smic$>^-cit. m^^mmyji^ 

[0 02 1] i»*«9JSicAor». B!iie±f*iSiS:^[^ 
[0 02 2] mim. 1 ojijc^-orcj, jgtc, puie^s 

3n/c±i*«iia;<f:. «Ig|J>J>f«lSJ:<!:. ^SStlfcif* 20 

gpft#!±i^l3. *3 J: iy''ifrte@«Mgpft i ^5: S J: -5 ccfffiS 
tf/tp<1i<?cOfc, 

[0 02 3] wm. 1 1 o r«, tfriespse^sfta 

fH"-;/ h*5 2«l**t-^*tfud<'f wfiei^l® 
Bag5Ai)8Mg5. mrtaH 2 <DBI|g5Ai|BlMgi5r * SiP < 

[0 02 4] M^iB 1 2:scc$)or«. mTiaWSi^ffiia 
d<' -jVH^Z W«±©)«lgP?r ^ I^W^tf a ^ -y h -C^fe 30 
fj. «5iBII 1 ©lig®3!)JftW«aai«g5« Sfii2ll2<Drag5Ai 

[0 02 5] 

asfc i j>'flna)S©Jiii>i*5/jN s < ^ j; -5 jc. 

[0 02 6] MtC«9lS$n/c±^iS$4^t?«lSi;^ll 40 
[0027] 

[ 0 0 2 8 ] 0 1 W^©2 S^ff n;l< y h 1 %^t?J5a 
^©Hji?«S-C&0, 02«-?-O2Si^?TarK v h 1© 
^tSt©3£a«:j^,'^.?:*st.ir^-r irji, f. >@-c*^, SO 
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[0029] S|7n©AP< . 2S*^f OtK-^ h 1 

n^n©«igp';>i»2cc6<i©Mg5^(i^* (mm<o@. 
a©fce6«:SM®«-eti*jg8b-rsS!lb*- f -Ctt 

•T) , 6<@©MSi5«±*>i=.Micc. m. (mm (db^m 
mommioR. iol (^m>S:R. tE.m^Ltt^, 

J^TISIC) . Jg (JgSP) ©f^ 9^5^161 (Y«$*>»3. It 

:^r6]Ka2ccn^-r) ©MiB 1 2 R. i 2 l. I5ia-;u:;3 

[S] (Xfii*t.<3o [^1SfC02CC7n-r) ©MepI 4R. 1 
4 L. ®5g|5©f y 1 6 R. 1 6 L (fJidO 

fc^2©M®) . jaaJ©f^.9^:^[Dl©ra®il 8R. 1 8 
L. igD-JU:&iSj©Ht52 OR. 2 0L*se«|^3n 

[ 0 0 3 0 J JES|5{C»JS^2 2 R. 2 2 L*i|X«3n 

I^S, C©H^*ffl»-C«. £ (foot)?: rjS^j iC^ 

©p*3g|5(c a 3 fcpg 0 r f^a!-r V ^7 p 3 > f J. - *i 
rieMgij (mmm) miELtcm i<DmB) immi o 

R (L) . 12R(L). 1 4R (L) Slfragi5 
!&t»L/SII30!»Kliil 8R (L) , 2 0R(L)7!r>61« 

2 8L. ^raB5<i:J£M65t«TMy>d'3 OR. 30L 

[0 03 1 ] ±tB©«^{c cfc 0 . waq > f 2 «^© 

cn'=.©6 X2 = 1 2<i©Mg0«rffla:Aj:^e[r|gS&t-S 

ci-e. s^i*{c§fa©»**#;tsc<t*j-c#. ffis 

(C3;;:7C^ffl5:^^tf5-ii€.Ci;!)5r-#S„ i^. a^K-^ h 
(C. ^nm^WMtt^h, */c. ■;>i'9 2. 9 4. 9 

6©s3{*^<frs (01 -cwcn6©';>i'©S7n?: 

[0 03 2] 1^8. C©ia«B»-e±^ii53lJ. ±^2 4© 
m'&^^imv. *«:fl5j{C»±«:2 4rt©^4''i:» 

(S2(Ctf-^9 Sr-^Ff ) Ui£(D{m!^,^Wi^ti>, 

[ 0 0 3 3 ] a 1 iC7K-rip< . SKg5©T:^fc«<£^© 

y. F z h©3:^(Slt!S^Mx. My. Mzi 

^sijsu. sa5©«ifi©wj»i^c(,»b{tstfti5«i':£i*«^ 

tHt--5. S/c. ±f*2 4tc{iMI4H2>1^6 OJi^SaS 

znii <i8iS:&isi) icM-r?>m^ii-^<Dnmm^miii 

rs, t/cSMg!5©S8tl*-5?JC«. ■€-©@i£a*«ita 

[ 0 0 3 4 ] la 3 itmm=L:^ -y h 2 e ©i¥*i?r^f i^-a 

■ecK:i3tJrm4-fe>-9-6 OJ:ci'©m;^«A/D^ 
jfeS7 or-rs^ifji/fiiKi^gssn. ■e-©ai:ti{i>'<:^7 2 

«r/M/-CRAM7 4{CiM?.n-5. ^/cSStt^-dftCP 

«i/ riEasnii > 3- 5<'©ffi:^«*'? > ^ 7 6 =Sr/r 
or R A M 7 4 F«9{c A:^j s ns. 
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[0 035] W&^^v hP»3(c«CPU*^6!&:-5lgK 
•rSifttCSSMiiSft^mUL. RAM? 4tC3lltB-r 

*fcm2o?aj5tiga8 2WRAM7 4*ie>^-©as 

S«:$lJ®lfil*SaL'-CD/A^^S8 6 it>--^T>:7' 

10 

[0 03 6] m4itc<Dmm(Dmi$.^^^-rmm^a ^ i' 

f (0 sup, 0 swq) = l/sinC0 sup) + l/s1nC0 swq) • • 

[0 03 9 ] mm^mfmmvmnt. 'A^<o<t: ^ . ^esup = Hcxb, 

61 sup «±»©(4g cxb, Zb)i3^f$WcDS^(4 

s (siriffi^) (xsup. zsup) <DmWiv$}K>. esvKf » 
±i*©{4a (mm) (xb. zb) iiei«i©js¥(4a (s«r 

mm) (XSW3. Zavq) ©Mflfc-C^S, 

HCXb, Zb, X, Z)= 
acos [ { (Xb - X) • (Xb - X ) + ( Zb - Z) 



[0 03 7] Sn^©2S#'(fn^"-:' F 1 tCfcC^r. 
W©«H65©fttfft*0sup . ilJWI(DiafMg0©*lfft* 

*56^i:C>fc©t-rS<, EH^. fiiesup *JJ:O'0swq (JIE 
©ffl<!:f€>„ S¥2 2R (L) ©{JSC*, :a»WCC«. 
S«Mgpl8. 20R (L) CD(4g (ffiS) <!:-r^, 
[003 8] CC-C. 0SUP i^swg (CMT-S^te^^JS: 



Zb. Xsup, Zsup) 

6 swq = HCXb, Zb. Xswq. Zswq) 
[0 04 0] CCr. HCXb. Zb, 



X. 



• -^£2 a 

• • Si:2 b 

Z) W^H^i 



(Zb- Z)} /C 2 - L • L ) -1] 
• • - ^3 



(Zb - Z)^4 • L • L • 
[0 04 2] iC2{cj:i?. 



[0 04 1 ] <t:C5-C. acos©Sm^An-l,l]"C*)€>(D 
■C. H (Xb.Zb.X.Z) <DSII^». ;X5;^jSlfc-rCXb,Zb, ★ 

(Xb - X ) • (Xb -X ) -t- (Zb - Z) • 

fC0sup,9swq)= fCHCXb.Zb, Xsup, Zsup), HCXb, Zb,XsMq, Zswq)) 

[0 04 3 ] C^CiiJ, j^®5©fltfft<DK^fCe»sup, 
0swq)tt, ±ft©(4g (^«) iMS^fiig (SlflS 30 
U) ©rai%qCXb,Zb,Xsup,Zsup,Xb,Zb,Xswq,ZsMq ) (CS 

CXb-Xsup) • CXb-Xsup) +CZb-Zsup) 
(Xb-Xswq) • (Xb-Xswq) -l-CZb-Zswq) 

[0 04 5] ^r. CCrB9t5tqCXb,Zb, Xsup, Zsup, Xb.Z 
b,Xswq,Zswq){C*J(,i'C. Xb, Xsup, Zsup. Xswq, Zavq4 

fgm^m. 6 L . izhtcv) i *ft-r 

[0046] i±H 1 40 
* i> ±fls©iS ?CC3PfLr (Xb,Zb,)feup,ZSup, Xswq , Zswq) 

fcMI<Dg3 2LtiT-C*5ft6«. ±.W<DmZh^m 
<-r<bK:onrB9iiqCXb,Zb,Xsup,Zsup,Xb,Zb,Xs«vq,2sw 

q ) ©fii«l^^ {c:*:# < Aj: fj . t,>-rnA^(DSS*5ff c>'W.5 
[0 04 7] c<Di4M5*. as. H»g*»(,>rg©lii 

f ©i4K*>e>*>^^«:ss< c t*i-c*s. BP^. m so 



3:4 



iC5 



[0 044] fll/, qCXb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zsw 
q)©S*l(i. fCHCXb,Zb, Xsup, Zsup) , HCXb, Zb, Xswq, Zsw 
q))-C*S, M?^g©S«^W. OT©^4PIB${C«JS 
-S CXb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zswq) ©ffi-C^S. 
CZb-Zsup) ^4 • L • L • • • ^6 a 
CZb-Zswq) ^4 • L • L • • • iC6 b 

7{c*>t,>r±tt©ia?sz b?r»s< ort,K <t. MM©ft 
If ft 9 sup swq w^{cifi-5< ©r. 1 ©:e2 

#«©^S:*i^{Cja-5|f , f C0 sup, 0 swq)©ffl«^'!? K 
[0 048 ] C nw, ft|^a«JfC», d sup ^ /c« 0 swq 

*i©^3»i*lBB^CCft 0 . fcesup,0swq)©ffi[»«iK:^{c 

[0049] qCXb,Zb,Xsup,Zsup,Xb,Zb,Xswq,Zswq ) $> 
SlHJfCe sup, 0 swq){CC©J: ^ ft14l|*s*SC <k4® 

;x©ff=WAi^*>n.5c<b*ijiiB-r.s. 

[0 05 0] 14«2 

ii^©^!f«c*sc>r«. ab.5)fiico*5#ai/. i>:^7^:jS 
S-r4fiE,S©ffiC{C*fUr. ^K:SC8 a*/c»iC8 b% 



(6) 



C > CO • • • ^7 

fC0sup.0swci ) =C • • • SC8 a 
qCXb,Zb,Xsup,Zsup,Xb,2b,Xswq.Zswq) = C • • • ^8 b 
[0 05 1 ] t±W2(D»tH 

3 2LJ:0 4>«)S«s^^§*}^-7•c4^sc^. En%. ±(** 
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*iS3Zb5rjS^«CS:«Tn{*. SC2a. ^2b. SC3-C 
9 sup i 0 a»q *5^{C<X^iS:SSSr-5 <J 3&s# 

[00 5 2] 0 sup > swq > 5 • • • ^9 



q(Xb,Zb,Xsup,Zsup,Xb,Zb,Xswg,Zswfl)< a/sin (5) +l/sin(5) • • 1 0 

|5l«|«:ROM8 4|*iCCt&S^$n 



[0 05 3] C<Dtt(D±{^mSi)^l^Wi^(tC±t^m^=& 

5. cnw. ;xs:?:?^ss-r.5ffS<DC{mor, ^8 b 

VsinC ^) + l/sinC ^) <C <j?ll|!B:A: • • -^1 1 
VsinC ^) +Vsin(^) «rCOi*sW«. ii'S2ifim'b 

[0054] f±M 1 *^e>>X©14HAs^Ain€>. 
[0055] 14^3 

S;8 a Sfc«S;8 b ^S§S-r-5±f*iS5 Z b «C^'Jn3 

(iSOSS) , C5r*||Rg;lt«:;Hctf<f <b<!:. ±^iif 20 

3 z b 2 cDee*fi?wi#j£©±f*iS s tcux^-r . t 

[0056] tt»4 

^>>'^$ < j^cSo 30 

[005 7 ] ±se*Buffii Ur. C<DS|g©ii»f^ 41*418 
[0 05 8] m4i,cm-rpa< . ccD^gw, 

B5ieUfc«Kaiaj^-;. h 2 6©ROM8 4tCtSiW3n5, 
[0059] S/c. 0^L^CCi:t7 7-fXC*iCir@^ 

zMP©tiis**s^3ti. -eo^ssn/caszMP^ 4o 

f(0 sup,9swq)= l/sin(0 sup) + l/sinC0 swq) 



l«8> ZMP (Zero Moment Point ) «. ^fCj:^ 

[006 0] ^m^ti-ci^^^j^'^ ^ - intrn'-xm^ms 
smmm i 8 , 2 o r ( d ©sg • ^) *jj;o'«±(* 

[ 0 0 6 1 ] J: ^3 @5:7a--5^i'-Kc 

7jk-riai<. s I oA^i^m^btcik. s 1 2 «:jl^-c^|J^5^ 

B^NglAt (SlfflljaW, m«10ms) c:i©df-YvSd 
f^jAi^^^^L. fdOii^*^*).S<!:S 1 4fC3i^■CB#M 

1 4A t /cWfgff b. s 1 6 ^cji^r•e#^J t (m&m 
m {cteWSS«±<*7k^fitg (xb.Yb). S«±«:3S^ 
(0xb, 0vb, 0 2b) . Pi)Wi©aSS¥ (JSm^fip) fu 

a ( Xsup , Ysup , Zsup , Xswq , Yswq , Zavq) te J; y-'^^ id xs 
up, 0VSUP, 0ZSUP, 0xswg, 0 yswq, 0 zswq)4^|±l 

■rSo £:n6©fii«fSB#fiit?*s. 

[006 2] ^Xt^-CS 1 8Kji^-C@ti±fti^$Z b^ 

^m-r^. ^mrtKi. c©igg{c*j(,ir«±(*iSS€ 
[0 06 3] ia6«'e©g«±^S5S'^Srji'=f yxA 

[ 0 0 6 4 ] i^S. 06 iC^T^-rT;l'd'U XA{iB!rj^©»* 
I^*3^>:7c{Cl!t;5gL/fc*)©r&-5, mfi^©a:*:Ma<!: 



2 



[0 06 5] ±<*lB34i^S-r-5>/cd?)©l?^<!: 0 

rWT©^ ($fe©2;X7cr©gi?q©^8 a«:ta^) ?rji 

fC0sup,0SM(q ) =C • • -^1 3 

[0 06 6] commommvit. 2. sci 34ii 

fc. 1^. ±«:iiS$?:l[lgW^cM< C^*i■C#^ct»©f- 



50 



[0 06 7] «T. 06©7a-3^i'-h43iB^-r* 

i. 5t-rs 1 0 otcfec^-css±«MS$z b*is^*-r 

•So Ctilct, @«±f*Jl5$ZbS:i|X«?a©K:J:^r*«& 

€.;c»©*?]»3(ii-c*-5. 

[006 8 ] i^t,»rS 1 0 24«rS 1 04K:jt*. M 
gaUfcB«±(*7K^{aS (xb, Yb) . (5BSI±(*ii53z 

b. mmii^mm (0xb, 0vb. 02b) . siwccoc^-c 



11 

©ass¥ (sirMSB) as • (xsup, ysup, zsu 

p, 0XSUP, 6vsup, dzsup, Xswq, Yswq, Zswq, 0xsw 
g. 0vswq. 0zswq) l3^h. i^H^H^tCj: ^r^t^W 

©@#)i5Hfi5(4s mm) tmmo^mwmB^m. im. 

BSJS^aa (SlrMSSJ^S) ®^ < TAXsup. AYsu 
p, Azsupj iC^^) ij®W©e^flSMI5(4g (ffiS) 
igMS^iag (Slr^gaH^) ( rAXswp, AYS 
wg. AZswqJ it^-^) ?::^ii?>-S, 

C0069]iKt»rS106 (Cii*. HftM»©^{C 10 

J*Mg5ft e swq ?:*<*-2., ^t^r S 1 0 8 ic'M?)-. 

1 3©Wja©e©llErr 4**4. A«:a«J{C«. HtkO 
ftn< . ^1 2©«S*^6SIKC*j)is©U-C^Err =&#Hi 

[007 0] ,^l>r S 1 1 OI^Mih: Err ©*fiS?tfa*^»K 

^}||^©i¥§fiiiaF«i35^ . * ^ « i'{c 

+55-/h5l>3!)>5*>^*iI»r-r5. S 1 1 0-CI¥^fii)yF*J. 
BP^. +^}>/h3t.^<i:*i)»i3nSi^»S 1 1 2«:ii<^. 
^©<bt©±f^i8?$Z b*B«±f*W3fc?*S0r7"u 20 

[0 07 1](te:^. S 1 1 OTSSSnei^liS 1 1 

C©S;«MErr ©SC?: Z b ■C<B»^b-Cf#/c^>©-r* 

-So ^(.^rsi i6(cji^. -e-©<t^f©gM±fti*5fc 

- S - Err ^ai^/cfii. in^. MErr {CjSitS^mDfc 
Z bCCf^iAL. S 1 0 4(CM€.o 

wmti^-s ■ Err ^m^tcmtmwL(Dmmm^m7L^ 30 

(0073]ia5:7U--5=-i' - hJC^Si. Ml»rS 

2 0{cji^■cB«±^**^pag (xb.Yb ) . Bei±i*i« 

3zb, @s±f*^^ (0xb, 0vb, 9 2b) . mm<Dmm 

S¥ (JS^Mffi) {4g • (xsup. Ysup, Zsup. 9xs 
up, dysup, 0 zsup, Xswg.Yswg, Zswg, dxsivg, dysw 
g. 0 2swg) *>6-5^©jm'*-7^^ i'^^^fiCCCi-jr 
g^^MfSft. Bn%. KtplOR(L). 12R(L) 
J^ci'l 2fi©Mg5©a«ftjS**J6.S. 3}ci*fcMgpA« 40 
ffiff 3 O fc R A M 7 4 CC teiWr S , 
[0 07 4] ;?;(<>rS2 2(C3i;?f. ^A/ca^Mipfti 

^SJc-^cc. Hriieo)tjS»^S2(c*j(.irci--i<-;' h©± 

©iigiwie«©Mji%WL'kt-»©r. itt?B*«Bs-r 
[007 5] c ©iiss©jf5M«±ia©/ra <mwui^fc<r> so 
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■c. i8ia:eri6i (mtiyjm) ©±^*^a^?:l^<^^•7^-3^ 

*«#iL6nii^. ±<*©±T16*JJ:CJWg!i©S&t*W 
^*»-C. jlSfc J:Offinii«©JSi®*«/h3 < it 

[0076] M«:. Hiriei/A:J:-5«c^?ftf«c>;T;i'i»-< 

[0 07 7 1 m^f)mmmnicMoxMm^ttj: 

f)m^L, ft!J7^©W?:(*58S-<f-SCi*5-Ct, »P5t^© 
fi«r<g«l/-C*tfKiP©M®ft«Si«*fffi*>/h3 < f S C 

[0 07 8 ] HJc. ±(*©iSii::^i6)i4g*5At < ^cs(c 

otl-Ciiiggmt!{©ffiW#pCC^{b (itftl) 0. HMiB±l* 

©iSie:^|S]{4S*5^7^C£:^c i ^c-S c i *^ 

»n (ft;*:) ■r^'4>©-c*n«^t>„ 

[0079]S8(*C (D^m(Om 2 ©IIJfi©?f^!!§K^.2, 
^©1»fi£*.int-«fig':?'D i- f ST* •) > a 9 W^©«i 

[00 8 0] l^2©j|)li©?fj,^r». (§18 tc^f Sp< . 

m 1 ©3iss©?B.«©±«Ji«3^^r;u=f'; XAtc-^iie 

L./c„ J:f):S:fte^{C53:0 1 occTi^Ti^cc, (iBW 

[008 1 ] m9itm2<Dmm(DBmicmi>^<Dm 

Mtm 1 ©^SS©ff^!!l©0 5 il5l«|-C&.5. 

[0082] i. s 2 0 0 (c*jt,>ris,«ja 

tc»-5t,>r»W3n^). sn,»rs2 0 2^cjtt^t?@«± 

«:S3Z b«r(59i4?>U. S 2 0 4*ig-CS 2 0 6(Cji^ 

m 1 ©^ii©}gsgtiai«{c)^«±©(ia©a**is{) 

So 

[Q08 3]Ji^T. S20 8^Ct>b2 1 8€re-Clll© 

■5o -'^■5y-^^©— gIJ*5(Sffit(iir$>.5,i&^P^< i, ^2 
©3ISS©JB!!l©teS«. I? l©ll*S©0Jii©-€-n«!:SJ5: 

[0084] ^2 ©||JS©J^.^«±iB©iP< miSLhfccy 
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[ 0 0 8 5 ] 1^8. ^1 <D||*fiOJi5SStCgJ-<5<fc. m^lC 

i{c^-rj:^{c. ±.w<o-m^^Mmm<<cmti^^cL lo 

[0 08 6] mfLkt, ±<*©±Ta86*-?'-?'iS6-l±ft:C^ 
CDT:^flniIK*5;^t < r£^2 2 R ( L) <D«ftfiffi*5fS 

e>-re>orxf>^i55±r-sc<bfepj<ig<i:!&s, i^a, m 

[ 0 0 8 7 ] 0 1 2 «C©^B^®03 ©||SSO0fi8{cC^ 20 
[0088] m3©||«£©J^SS«lpr2 ©||iS<D0Sg©^ 

[0 0 8 9 ] a I 3«-€-ntcj:-,-ct?iSsn5±«:^s 

< . mm^w^m>tm-fj\«m ^ *Tif s c i tc j: 9 . 

[0 09 0] an^- 0/T^<D 2s*tf h 1 om^u 

tlli»%ig<-rSi. BJMfiiSl 6R (L) ^laif-C^fT 

ScitcAj^fj, :srB#:*:*^c^h;ui'*5,i:.g(c^c^, fife 

[0 09 1] m^<D^m(D^m\z±M<Dn< ^skl/cc 

[ 0 0 9 2 ] la I 4 «C<D^W©ll4<D||Sfi©JKfil(C{^ 

[0 09 3] 04©ji)5s<Dff^si'fe. msommomistt 
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<. 3«OS:sF$liS)P/>-7^-5f«:J^^*J:^tC0fc. fip 
- a» fc J: Uf{Rtiia^«lB):''>* ^-rf-f2*^6Aj:43 tt©-'^• 

[0094] (gffl!S^«iB);®ar X a 2 rscm s 

as • {*. m 1 ©^Sfi<Dff?S§r'^'^/c:*:3fcS<)^cS 

i^fii-c*^, fife:^. (gaismsifSLaiT^u^ yXAi r 

[0 09 5][lil{c. ±t^m:$rki^r)id[')XAi>3m 

;U=f';XAl. 3t?*5£3n-5<ilZbl,3 «..±ftliS5© 
[0 09 6] ^S3n/c3 ll©fii{3:;xc»-c¥i^7'n i> 
e>tifc±itM 3 *J cfc C^'-€■©^■|fe©-'^■ 7 ^ - if fcS-:) t i 

[0097] m4o>mM<ommit±si(Dia< ^fiSLfc© 

yn<Dim < . 3 ffl©ig?fj©¥i^(iizbav?:*dt> -5 C i 

li^-r S i # ^j: i'^©® (*©>*:# t, ^m'r^'ii ^ l^tc ^> . ± 
[009 8] CCt?> lpr2^CUUII4©j|)^©?l^!llrffl 

a ) jS)WS¥©iw»=&i^ra©tf]i^tcj:-or^-r-5i» 

^4c«. g^«s:©o^t5(*r?>-r„ 

f (1^13^5 - 3 2 4 1 1 bmm(Drm) 

c ) j®)«is¥©s^«iiaf{c. 3f^©re>i/«©i^fflMSi[ 

[009 9] */c, »2J&:i»m4©ll«g©J^!SCC*it> 

r. ±(*©a«^^ • s¥©@^«^© 
«isi:*^x.-c4>^(<^o ±*©a«;dc^iag*r6-rti^ 

©{fS^rlUTCCinf , 

tixK^^m^vikt, 'f-it7---:f)\,(D^m^^'th, fin 
mtmm t i ^>&sB#pa5fe©es±(*{4S4^* 

[0100] 



I 



IS 

m 

Xbv(t)=2:WnXb(t+kA0 
k=n 

X bv(t) ill^SI t<D£fil±{«:;|c¥fft S, 
( 0 1 0 1 ] b ) iiacDgS±(**2|ifi5ra*7 ^ ;l/*{c 

(TnS +1)/ (TcB +1 ) 

[01021015 itc<D^m(Dm50)mmmmic^ 

©asm in%. ±{4:iS$j?iSrJl':J';XA*in-r7a- 
[0103] ||5©||Ji©0JSr'{i, 1^ 1 5 fCfnf fiP 

< , ^ 1 ©sissof jss'fe t, » urn 4 (Dmmmmic j: r 

[0104] ii(r> m5<D*5fi<DJf^«8CC{^S±»W3^ 

[0 1 0 5 ] ijtTittB^-rsi^ saootcfct^Tisi© 

• 5^f - h) ^jl^fU. ±{*iS?Z b**4?)?.o r^, -h 

©l^»i(c*5fcr,r7F-r<i;. 5t{cHl UC7rU:fcJ:^^j: 
jgfl? (cc-c mmBi it,*9) iOT:jffi^€>ci*s-e 

[0106]MtirS302 icmA.V)illt>fc±i$lSS tc 

[0107] mb(Dmmmimt±si<Dm<mf&i>tcc 
ir. fi£M©SlSfi©Jf$S8©ja)*K:j)n^r^»{bto®«ci 
»)±«f©±TttIji®«g*i?:-)a/jN3 < c i^s-c^ 

[oio8]fte:^, c©j;^^c«fi!ctcj;or. mBn<o 
^$nfc±»i«$*?«js-rsiin:j<-y h©^ (^M 

[01091017 WC©^B^©II6 ©IISS©JK!!SCC» 
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(01101 l^6©SISS©Jf5.®CC*-:)-C{3:. ^1 ©USt 
©B!!g*fflO>-C»fcg«±»Si3 (l|liliKJg<k#^) 

i . ±f*is? 3 0eo i I ^ ^ m 1 ©S£*fr0fs*«-c 
ff /c a«±{*is 3(^2 mm^ i « ^ ) ©ttiav*^* t 

[Oil 110187 n--9^r - h*#ML'rl|6© 
10 llii©Jl^.®K:<^4Ka©±fltiS39i«T;u=f >;XA?rSi 

1 ©IISfi©ff^g§©05 ilBl^l-C*^), 

(0 1 1 2 3 5fr s 400 ccfet^rsf i <omm(DmiSiT 

iS3 1 MiS?Jf^) ?rff Mt-^r S 4 0 2 {CJi^■C5t 

So 

[0113] ^t,»r s 4 0 4^cii^r;^^EB#^) (b#^j 

20 t) ^©S^Wl. W2€r?^S-r-5. fSL.. fi^Wl. 

W2i*. wi +W2 = 1 ^m^iy. wi, w2-&n-en 
©B#p^^fb*^?te.*^r*?)j:^>cci^-rs. ,m^rs 4 
0 6{CJi^rfl^m¥i^ffl^^:#tHT•^.„ Hn^> mi. 112 
<omcmmvi^'& L- fcs* w 1 . w 2 %s i; xntdm^ 

(01141 m6<DmM<Dmmic$>'yXit±m(DUa<m 

S±t*iS3(CO(,>-C. Ill JSigff?(C*fLrW;?.«ll2© 

m^m^$>6—'^m h 0 «c-r -s .t . iTJiipi^w 1 fgcc 

(0 1 1 5 J i^a. IPf6©||«S©ff5,«^»ll?RJK*S2o© 

[0 1 1 6 1 s/c. ii6©*)5s©jf^sgt?». mzm&m 

Wv astcs^tf. Ml©^JS©J^S8>tC^ 

40 -S.t'^iCbfc^J. m©j|]te©ff5,«JSt»L05©||iS© 
?^S§©l»Ttl7!P*fflC^r#-C feRl^, 

[0117] m^ii. m 1 ©iiis©jf$sg. m2<Dmm<D 

tdm.<o±.{m 3 mm^^fS. l r -e n 6 ©Mj«9^ 
(0 1 181 ig{c. fe(T©#^ccj:orjij^*ffr«> 

50 
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mc. m^n^(,ct,tm2 9'-zf}v<D^it)iif>ft>ift^m'r^ lo 
[0 1 19] m5<Dmm<ommtmii*). ^meim^ 

[01201019 \ic(D^n<Dmi <Dmii&<r>mmc% 20 
[0121] »7<Dj|]!fecDfl5figK*or(*. mecDUSS 

[012210207 P- • 9^-i'-h*#MOrlir7<D 
[0 1 2 3 1 fe(m?«-rS<b. S50 0Aw:c^L.S50 6 

3 ir'mc^. s 5 0 8 {CJi^•cf#fc^ii^cm 5 <djim 
[0124] mi <r>nmmim\t±M^(Dpa<mfis,\^tc<D 

[01251021 »C(D^BJ©|p8©||ifi©Ji5!!SK:15S 
^$IS<D«li?R^7nf ISfig:/u i70-e*^. 40 
[0126] ll8©JI)lfe©0SlK:*->r». 07n©*n 

BP^. iii/ii$ff$<*:S2Mjfi0?:^n-enflnfl:¥i*io-c 
m^imc^i&u. ■en^a.^ws. we^rffltioo^ras 

Wl. W3. W5. *St>»W2. W4, W6«. -e 

[0127] »8©iiig©j^jiiK:fct,>-c«±iaosp< m 50 



!|$P3¥ 1 0-86080 

18 

[0 1 2 8 1 i^S, cn«±{C^m{b*€.C»«ftlS¥i^4 

it^*)mnncti!iviitj:(.\ ±w<D±rmmmtis. 
mLxh. Mgpojis. Micmim-rim^ai 

[0129] 02 2»C©«W©»9©j|fiS©?KjSI(CC^ 

[0130] fe(TittWr-5i. 07n<D4JS*tfn;}< v h 
1 0 0{*, ±» 1 0 2 "eUiCtii^mWi 1 

0 4 (l5iBbfclll©MBi5) ^-ffLXmrnSti^ 4:^(0 
m^V>i' I0 6i)^htj:i>o 4*©WIH5'; i o 6 « 

■5-n-en. (W5tffl) i o 8 ioiatcjisMgs i 

1 0 mns.Ltcm2(Dmw) ^m^6. 0^«L/^ci,> 

[01311 07r(D4a^tfn7ii y h 1 0 0{C*$(,>rfe 

(*1 0 2<D*¥(4g (Xb, Yb) (9xb. dy 

b, 0 2b) ?:*Jt>. ^^t,i-C±f*CDi«$ Z b ^*it>-CPfi5 

10 4. 1 lo^mwjf^mo. J:':>xmic9imv9jk-ty3 

[0 1 3 2] iter. 02 3fcin-rAa<±*iS3Zb 

1 0 2 ©iSffiCDtft'C^ 10 2a <bBR® \ \ 2 t<D 

^m.ism {mts-t?^) w^xmr, i^tcAi^om^')^ 
i' 1 0 6 (ommm i i oo^s?: e n , w$fe^ i o s © 

{is* (Xn, Yn, 2n) (n : 1~4) r^-To 
[0133] m9©IISfe©?g,^{Cfi^Sil»©ttf'^*02 
4 7a- • 5^ -P- h?r#flSL'r^B^-r €.<!:. S6 0 0*:> 

6 S 6 0 4 ^•Cfi£W©||Jfe©».«il5l«©MS€:tf 

f^. s 6 0 6 (cji^t:-^Sl| t {cfct-ts @ti±«:7k^&s 

(Xb, Yb) . a«±(*^^ (0xb, 0yb. 0 2b) . fcj: 
i>*@««l5fe^(4g (Xn. Yn. Zn ) (n : 1~4) 4« 

S6 0 8ccjt^r@s±ttSiSZb?:3^^^*s. 

[0134] 02 5»ie-©fPII|*7n-ri^7';U-^> • 7 
o- • ^ + -h-C*0. tlTS^Wr-Si. S 70 0. s 

7 0 2 S 7 0 4 (Cjt*. S«±(**^(aS (Xb.Y 
b). <ga«±flJ^3 Z b . ±f*^S& ( 0 xb, 0 vb. 0 z 
b) . teJ:Ut|Wl5fejgfiig (Xn,Yn, Zn) *>6. S«l©B« 
W:flSBai5 1 0 4 ©fig (M«) i 1 0 8 © 
{4g©^ (AXn. AYn. AZn) 4**S, 02 3iCCn 
6©lii*7Kt". 

[0135] ;XU-CS 7 0 6CCjiA-C*A/cMA^e0^j^ 
©^*fflC»-CB!Mg5ft0 n**St)5. ;>:i-»-CS7 0 8CC 
3tt^■C«Er^ ?:0jn©iti< 0. S 7 1 0 tCjl^-CM 

ttS7 1 2{CjitfiJtfc. 55t3n-5<!:#«S7 1 4«: 



19 

Jt^■c®es^:*^^>. s? i etctsci-cfitzb^ffliE-r 
(0136] m9<Dmt&<Dmmt±iE<oiitt< mfS.ofcc 

(2l«i) mfUTii'j h<tl^«{C«a{c±i*i9i3**«>S 
3S*€>t^»5S«±©lBlg|J4Wr.5n«K-;' bV&'jX 
CO 1 37] ±ie<Dftl<> ii^^j:< <i:4>±<*24<!:. gria 10 

±f*{cil 1 (DWgB 1 0 . 12. 1 4R (L) ^/rurii 
«S3 n€>sii^*©i«igp -J > 2 i *^ 6 . mriaiftigp y 

>i'*J^<D5feSSSI5*r{c:j^)&< i 1 ffl©Sr2<OMg5 1 

6R (L) ?rWL'rifeS|«l^a(,pjf<-.y hOi^^^m 

iJ>^c < i 4>(,^-rn*^5r^^?^. fiia±<*<DiSii::^riS]a^(4 
iB*i^< > ±mmf^im-r^±mi^m^m (s i 
6) . H>riai«ig|5'j>i'$fe«gpcDa«(4g*3J;o'^^<Dii> 

•J>^«iSlP^^S (S 1 6) , isJiZm^^^titc 20 

s±flciSttt:)^@sas^«*® (s 1 8. s 1 0 

O^CtiUS 1 1 6. S 2 0 OAjrt^OS 2 1 8. S300 
):ct»L/S3 02, S400^c(,>L'S40 6. S 5 0 0 
l^USSOS. S6 08. S7 0 0/j:l,iLS 7 1 6) * 

[0 1 3 8 ] s/c. mrfai:»©iSB::^isi(4g(cBa-r6ia 
igM^*>6i:c^^se*i. Bfriaill*iJ;O'll2©Mg0. M 30 
f*fl<JCC»IS2©rai5l 6R (L) or>:l»5:< <i:^>liTn*i 

[0139] sfc. iriasr i teJ;cKii2©Mgii©^j>^c< 

i?^*^. B?ta02©Mg51 6R ( 1 ) ©^{4*iJ:0*2S 

CO 1 4 0 ] Sfc. HiJia±ft©tSii:7?l^fiigd5;^#< i^j: 
S{conrMiaaSIM®t©fii*i^ia{c^{b-rSin<1«fig 40 
L/C, 

[0141] Sfc. BiriBJ:<*©*^:^(alSmS*St* 

«^^*jcfc!:>'ffiiia«igi5 'J >i'5t^a5©gms*.5i,>» 

'^(D'pts: < <!: 4>0^-rtl*^*i. ;Rf*W{C«S^2 2 R 
( L ) . cfc fJ A«Jfi«J{C«ia)«IS«M® 18. 2 0 R 

(L) t£i£i}mwmfj:mv$>i>pa<mfik\^tc. 
[0142] mu±.mmii[^mm{iLm.ykM^^ 

S!iia±(*©r^i£:/3l^©S^(4a?rn{i (n^ 1 ) 
St-SnS«i(4g^5£^® (S4 0 0>5:C>OS4 0 2. 
S5 0 0^ct,>LS5 0 2> . fccfccmiaWiirianil® 50 
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m^&Mt<o^i^m^n^ii>i>w-i^m.nm^WL ( s 4 o 

4. S406. S504. S506)«:li^. *«?>fcqi 

i^iii{cs-3c>rsiige±<*©iflia:^i«ijs*ifiia4*?g-r* 

[ 0 1 4 3 ] $fc. Mta¥i^(il*stt«¥l^fil ( S 4 0 
4. S406. S504. S 5 0 6 ) -CftSiftK «lfi5cL 

[ 0 1 4 4 ] 35;rc, m)ia±^iSi[:^ffi]g«ag^^*© 
ijfaS?t3?i*'Ai¥l^ffl©^i'Vd:< t4>(.»rndi?:^?t 
{b-r<b¥ffit#© <7^;Uii. S302, S508)* 

[ 0 1 4 5 ] mu±.imm.fi^mn^miM^m 

«. WmiA&i c >{iiR^?lim©iJ>«r < <h (, 
I, ^ r BuiaS??:** in < ^fiJE L /c, 
CO 1 4 6 ] M(C. BuieS:5£Snfc±mS)|:<i:, 

0) . *iJ:omiea^Mgi5fti^c^cfc^tcMfai^I*ij: 
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